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Description

The present invention relates to a position control
circuit for positioning a magnetic read-write head on
a selected track of a magnetic disk in a magnetic disk
device using a servo system for speed control and
position control.

In a magnetic disk device, a magnetic head is
positioned on a selected track by use of a servo sys-
tem which performs a seek control. The head is then
shifted to the selected track at high speed by per-
forming speed control. Finally, the head is accurately
positioned on the selected track by performing posi-
tion control. (In multi-disk devices, tracks on disks
with the same number of tracks are referred to as cy-
linders. The present invention does not depend on the
number of disks and thus the term track is used in the
following description.) A position control circuit in-
cludes a differentiating circuit, an integrating circuit
and a proportional circuit for performing the position
control by a proportional plus integral plus differential
action, i.e., a PID action.

Figure 1 illustrates a position control circuit of a
servo system for performing a seek control in a prior
art magnetic disk device.

In Figure 1, a servo circuit 10 and a servo-con-
trolled system 20 are shown. The servo circuit 10 has
a position control circuit 11. The other circuits are
omitted. In the servo-controlled system 20, a magnet-
ic read-write head 21 is moved on a disk 22 by a voice
coil motor (hereinafter referred to as VCM) 23 to write
on and read from the disk 22.

The position control circuit 11 has an integrating
circuit 110, a differentiating circuit 110, a differentiat-
ing circuit 120, a proportional circuit 130 and adders
140 and 150.

In this arrangement, the servo circuit 10 shifts
the head 21 toward a selected track at high speed by
means of speed control and then the control is switch-
ed from speed control to position control so that the
head 21 is positioned on the selected track.

For the position control, the adder 140 produces
a position signal Ps indicating the current position of
the head 21 and an error signal AP indicating the dif-
ference between the current position of the head 21
and the selected track position Po.

In the error signal AP, the integrating circuit 110,
the differentiating circuit 120 and the proportional cir-
cuit 130 perform the integral action, the differential
action and the proportional (amplifying) action, re-
spectively. Output signals of the integrating circuit
110, differentiating circuit 120 and proportional circuit
130 are added together to produce a position error
signal APk as a result of the proportional plus integral
plus differential action (PID action). The position error
signal AP is amplified up to a predetermined power
level and then applied to a VCM 23 of the servo-con-
trolled system 20 to drive (move) the head 21. That is,
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the position control is performed by a position control
loop comprised of the head 21, the position control
circuit 11, the VCM 23 and the head 21, so that the
head 21 is positioned on the selected track.

With recent advances in the high-speed version
of track seek, a one-track seek is now considered,
which utilizes the PID control by the position control
circuit 11.

Figure 2A illustrates normal operating waveforms
in the position control for one-track seek. More spe-
cifically, Figure 2A(a) illustrates an operating wave-
form of the position signal Ps and Figure 2A(b) illus-
trates an output waveform of the integrating circuit
110. With external force applied to the head 21, the
position signal Ps produces a transient oscillation as
shown which rapidly converges on 0 by means of the
PID action of the position control circuit 11. In that
case the output (integrated signal I1S) of the integrat-
ing circuit 110 will have a fixed level which corre-
sponds to the position of the selected track.

However, when the external force applied to the
servo-controlled system (head) varies and thus the
head position signal Ps varies as shown in Figure
9B(a), the variations are added in the integrator 110
so that the resulting integrated signal IS varies as
shown in Figure 9B(b). The output of the integrator
110 of the position control circuit 11 in the position
control is mostly an integrated value of or external
force applied to the head in an on-track state. The va-
riation in the integrated signal IS causes the head
position signal Ps to vary and the integrated signal IS
is also further varied. It thus takes a long time for the
position signal Ps and integrated signal IS to become
stabilized, i.e., for a seek to be terminated.

The variation in external force refers to the vari-
ation in mechanical external force applied to the head
21. If the movement of the head 21, namely, the seek
operation, is performed slowly, the external force will
vary little. With a fast seek operation, the external
force will vary transiently.

Although to achieve a high-speed seek, it is de-
sirable for a track seek to be made while the PID con-
trol is performed the position control circuit of the pri-
or art servo circuit has a problem that it is subject to
the influence of variations in the external force be-
cause of the presence of the integrator. Hence, the
settling of the head becomes unstable, thereby hin-
dering stable fast track seek.

It is an object of the present invention to provide
an improved position control circuit which excludes
the influence of variations in external force on a mag-
netic head in an on-track state to stabilize the settling
of the magnetic head even where a one-track seek is
needed for high-speed seek, thereby permitting a sta-
ble and fast seek operation.

In the present invention there is thus provided a
servo circuit for controlling the speed of a head to
move said head to the vicinity of a selected track hav-
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ing a position control circuit for performing position
control to position said head on said selected track af-
ter speed control is terminated comprising:

a proportional circuit means for producing a
signal proportional to an error signal;

an integrating circuit means for integrating said
error signal to produce an integrated signal;

an adder means for adding an output signal of
said proportional circuit and an output signal of said
integrating circuit to produce a drive signal for a voice
coil motor, and

characterised by

an integral control circuit means for stopping
the integral action of said integrating circuit, for a pre-
determined period of time, after the position control
is initiated.

For a better understanding of the invention and to
show how the same may be carried into effect, refer-
ence will now be made, purely by way of example, to
the accompanying drawings, in which:-

Figure 1 is a schematic block diagram of a posi-

tion control circuit of a prior art servo circuit,

Figures 2A and B illustrate operating waveforms

of the prior art position control circuit.

Figure 3 is a schematic diagram illustrating a ba-

sic arrangement of the present invention,

Figure 4 illustrates operating waveforms in the

present invention,

Figure 5 is a block diagram of an embodiment of

the present invention,

Figure 6A illustrates specific arrangements of

the integrator and the integral control circuit of

Figure 5,

Figure 6B illustrates operating waveforms of the

integrator and the integral control circuit of Figure

5,

Figures 7A and 7B are views of the servo-control-

led system of Figure 5,

Figure 7C is a schematic diagram of the magnetic

head and the VCM of Figure 5,

Figure 8A illustrates another embodiment of the

present invention,

Figure 8B is a timing diagram of the integrator

and the integral control circuit of figure 8A,

Figure 9A illustrates signal waveforms in a prior

art control system when external force does not

vary,

Figure 9B illustrates signal waveforms in the prior

control system when external force varies, and

Figure 9C illustrates signal waveforms in the

present invention when external force varies.

Detailed Description of the Preferred Embodiments

The position control circuit in the prior art servo
circuit generates a position error signal AP on the ba-
sis of a PID action. With the proportional (P) action
alone, when an external force (disturbance) is ap-
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plied, an offset (steady-state error) will be produced
in a steady-state position. The steady-state error will
be decreased to 0 by the integral (I) action. Moreover,
transient characteristics can be improved by adding
the differential (D) action.

In this way, stable and fast positioning will gener-
ally be made possible by use of the position error sig-
nal APg generated by PID action.

However, a one-track seek under PID action will
be greatly affected by variations in external force,
causing the settling of a magnetic head to become
unstable and increasing seek time.

This is due to the integrator 110 provided in the
position control circuit 11. That is, when a transient
oscillation occurs with the magnetic head because of
variations in external force, the amplitude of the head
position signal Ps varies greatly, as shown by P1 in
Figure 2B-a. Since the varying position signal is inte-
grated by the integrator 110, the integrated signal IS
(and hence the position error signal APg) from the in-
tegrator varies to a large extent as shown by Q2 in Fig-
ure 2B-b. The great variation Q2 in the integrated sig-
nal IS influences the position signal Ps to greatly low-
er its amplitude, as shown by P2 in Figure 2B-a. The
variations in the position signal Ps and the variations
in the integrated signal IS influence each other so that
both of the signals continue to oscillate as shown in
Figure 2B. Thus, it takes a long time for both the sig-
nals to stabilize. Consequently, the seek time also
becomes long.

Therefore, if the integrator 110 is arranged to be
immune to the transient oscillation of the position sig-
nal Ps, then the variations in the output of the integra-
tor will become small. Thus, the integrated signal IS
(hence the position error signal APg) output from the
integrator and the position signal Ps can be stabilized
quickly. That is, the settling of the head can be sta-
bilized.

The present invention is made on the basis of
such a concept and will be described below with ref-
erence to Figure 3, which is a basic block diagram of
the invention.

In Figure 3, 10 designates a servo circuit and 20
designates a servo-controlled system. In the servo
circuit 10, a position control circuit 11 performs posi-
tion control. Since the other circuits are not essential
to the description of the present invention, they are
omitted from Figure 3. In the servo-controlled system
20, a magnetic head 21 reads from and writes to a
magnetic disk 22.

In the position control circuit 11, an integrator
110A integrates an error signal APg indicating a dif-
ference in position between the head 21 and a select-
ed track in order to produce an integrated signal IS.
This signal is one compaonent of a position error signal
APg generated by the position control circuit 11. The
integrator is indicated at "110A" to be distinguished
from the integrator of Figure 1.
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An integral control circuit 60 stops the integral ac-
tion of the integrator 110A for a predetermined time
less than one-track seek time after the position con-
trol is initiated.

The operation of the embodiment of the present
invention shown in Figure 3 will be described in con-
junction with operating waveforms of Figure 4.

The servo circuit 10 allows the head 21 to make
fast access to a selected cylinder containing a select-
ed track by means of the speed control. On termina-
tion of the speed control, switching is made to the
position control whereby the head is positioned on the
selected track of the selected cylinder.

It is assumed that the head 21 oscillates because
of a variation in external force when the position con-
trol is initiated. Hence, a large transient oscillation is
produced in the position signal Ps, as shown in Figure
4A.

The integral control circuit 160 also generates a
HOLD signal as shown in Figure 4C so as to stop the
integral action of the integrator 110A for a predeter-
mined time Th corresponding to a one-track seek
time Ts of the head 21.

The one-track seek time Ts of the head 21 de-
pends on the arrangement of the disk device. The
time Th during which the integral action is stopped is
experimentally determined so that the position con-
trol is not affected by variations in external force,
while maintaining integral control characteristics. For
example, the time Th is selected to be approximately
70% of Ts.

The integrator 110A initiates an integral action af-
ter time Th has elapsed from when the position con-
trol is initiated. Thus, even if the head 21 is subjected
to alarge transient oscillation, the integrator 110A can
be made immune to the oscillation, thus producing no
variation in the integrator output (integrated signal IS).

Therefore, the mutual influence between the
position signal Ps of the head 21 and the integrated
signal IS (hence the position error signal AP) from the
integrator 110A can be effectively suppressed and
both of the signals can converge stably and rapidly,
as shown in Figure 4.

As described above, the integral action of the in-
tegrator of the position control circuit is stopped for a
predetermined period corresponding to a transient
oscillation period of the head. Therefore, even if a
large transient oscillation is produced in the head in
an on-track state because of a variation in external
force, the integrator can be made immune to the os-
cillation and thus perform stable, good integral action.

As aresult, the mutual influence between the va-
riation in the head position signal and the variation in
the integrated signal (hence the position error signal)
can be effectively avoided, thereby also stabilizing
the settling of the head during fast seek, for example
a one-track seek, and realising a stable, fast seek.

The position control device of the present inven-
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tion will be described with reference to Figures 4
through 7. Figure 5 is a block diagram of an embodi-
ment of the present invention and Figure 6A illus-
trates specific arrangements of the integrator and the
integral control circuit of Figure 5. Figure 6B is a tim-
ing diagram of the integrator and the integral control
circuit of Figure 6A. Figures 7A and 7B are views of a
disk device which is a servo-controlled system of the
invention. Figure 8A illustrates modified arrange-
ments of the integrator and the integral control circuit
and Figure 8B is a timing diagram of the modified in-
tegrator and integral control circuit. The operational
waveform diagram of Figures 4A to 4B will alsoc be
used in the embodiment of the present invention.

In Figure 5, servo circuit 10, position control cir-
cuit 11, integrator 110A, integral control circuit 160,
servo-controlled system 20, head 21 and disk 22 are
the same as those in Figure 3.

In the servo circuit 10, a speed control circuit 12
which produces a speed error signal A Vg indicating
a difference between the current speed Vr and a pre-
determined target speed of the head 21 to perform
speed control, enabling the head 21 to gain access to
a selected cylinder at high speed. The current speed
Vr of the head 21 is determined from its position sig-
nal Ps. Also, the target speed Vs of the head 21 is ob-
tained from data DiF, entered from a controller (to be
described later) into the speed control circuit 12,
which indicates an amount of difference between the
selected track and the current track on which the
head 21 (servo-controlled head 21s) stays, i.e., are-
sidual seek amount, and a previously set look -up ta-
ble (not shown) indicating a correspondence between
difference amounts and set speeds.

A power amplifier 13 receives a linear mode sig-
nal (hereinafter referred to as an *LNMD signal) from
the controller. In accordance with this signal, a speed
error signal AV from the speed control circuit 12 is
amplified at the time of speed control up to a prede-
termined level for application to the servo-controlled
system 20, and a position error signal APg from the
position control circuit 11 is amplified at the time of
position control up to a predetermined level for appli-
cation to the servo-controlled system 20. A current
proportional to AVg or APg is supplied to the servo-
controlled system 20. This current is indicated by a
control current lc.

A position demodulation circuit 14 is adapted to
demodulate a read signal from the head 21 (servo
head 21s) to produce a position signal Ps which spe-
cifies the current position of the head. The position
signal Ps is applied to the position control circuit 11
and the speed control circuit 12. The position demod-
ulation circuit also detects a point of time at which the
head 21 crosses a track (cylinder) to produce a track
crossing pulse signal (hereinafter referred to as a
TXPL signal) which is supplied to the controller.

A controller 15 controls the operation of various
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circuits of the servo circuit 10. The controller 15 is
also responsive to TXPL signals supplied from posi-
tion demodulation circuit 14 to calculate the position
of a current cylinder on which the head 21 is placed
and then find the previously set difference amount
DiF between the current cylinder and the selected cy-
linder for application to the speed control circuit 12.
Moreover, the controller 15 generates an *LNMD sig-
nal, which specifies either the speed control or the
position control, for application to the position control
circuit 11 and the power amplifier 13. The *LNMD sig-
nal specifies the speed control when it is at a high (H)
level and the position control when itis ata low (L) lev-
el.

In the position control circuit 11, 120 designates
a differentiator and 130 designates a proportional cir-
cuit, which performs the PID action together with the
integrator 110A. The outputs of the differentiator 120
and proportional circuit 130 are represented by DS
and PS, respectively.

An adder 140 is adapted to generate an error sig-
nal AP indicating a difference between the position
signal Ps from the position demodulation circuit 14
and a signal Po representing the previously set se-
lected track position for application to the integrator
110A, differentiator 120 and proportional circuit 130.

An adder 150 adapted adds the output signals IS,
DS and APg of a) the integrator 110A, b) the differen-
tiator 120 and c) the proportional circuit 130 to pro-
duce a position error signal APg.

In the servo-controlled system 20, a voice coil
motor (VCM) 23 is responsive to the control current
lc from the power amplifier 13 to move the head 21.
The disk device of the embodiment is a multi-head,
multi-disk device. One of the heads is used as a servo
head 21s and one of the disks 22s is used as a servo
disk.

The specific arrangements of the integrator 110A
and the integral control circuit 160 are described in
sections (C) and (D) below.

The seek control operation of Figure 5 is ex-
plained under the headings of speed control and pos-
ition control.

(1) Speed control

In seek control, to place the head 21 on a select-
ed track of the disk 22, speed (coarse) control is first
performed to cause the head 21 to gain fast access
to a selected cylinder. However, the speed control is
not directly related to the position control of the em-
bodiment and thus will only be explained briefly.

For speed control, the controller 15 sets the
*LNMD signal at H level to direct the power amplifier
13 to speed control.

Position demodulation circuit 14 demodulates a
read signal of the servo disk 22s supplied from the
servo head 21s to obtain a position signal Ps of the
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servo head 21s (head 21) and apply it to the speed
control circuit 12. Also, the position demodulation cir-
cuit 14 produces a TXPL signal each time the servo
head 21s (head 21) crosses a track (cylinder) for ap-
plication to the controller 15.

The controller 15 calculates the position of the
current cylinder on which the servo head 21s is
placed in accordance with the TXPL signal and finds
the previously set difference amount DiF with respect
to the selected cylinder for application to the speed
control circuit 12.

The speed control circuit 12 obtains a target
speed Vs according to the difference amount and dif-
ferentiates the position signal Ps supplied from the
position demodulation circuit 14 to calculate the cur-
rent speed Vr of the servo head 21s. The speed con-
trol circuit 12 generates a speed error signal AVg in-
dicating an error between the target speed Vs and the
current speed Vr for application to the power amplifier
13. The current speed Vr is also sent to the controller
15.

The power amplifier 13 amplifies the speed error
signal AV up to a predetermined level to generate a
control current Ic and supply it to the VCM 23. In re-
sponse to the control current Ic, the VCM 23 drives
the head 21 (inclusive of the servo head 21s) in the
direction of the selected cylinder.

Subsequently, the speed control is performed by
the servo loop formed of head 21 (servo head 21s),
position demodulation circuit 14, controller 15, speed
control circuit 12, power amplifier 13, VCM 23 and
head 21 (servo head 21s).

When the servo head 21s (head 21) arrives at the
selected cylinder, its speed is lowered to 0 and thus
its current speed Vr is also lowered to 0.

The controller 15 detects that the servo head 21s
has arrived at the selected cylinder, that is, the speed
control has terminated, from the fact that the current
speed Vr supplied from the speed control circuit 12
has reduced to 0. As a result, the controller 15
switches the control mode from speed control to pos-
ition control to switch the *LNMD signal supplied to
the position control circuit 11 and power amplifier 13
from H level to L level.

(2) Position control operation

With the position control, the position control cir-
cuit 14 demodulates a read signal read from the servo
disk 22s by the servo head 21s to obtain a position
signal Ps of the servo head 21s (head 21) and supply
it to the position control circuit 11. It is assumed that
the position signal Ps involves a transient oscillation
such as that shown in Figure 4A.

The adder 140 of the position control circuit 11
generates an error signal AP indicating a difference
between the current position of the head indicated by
the position signal Ps entered thereinto and the pos-
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ition of the selected track which has been set in ad-
vance, the error signal being supplied to the integrator
110A, differentiator 120 and proportional circuit 130.

The integral control circuit 160 is responsive to
application of the *LNMD signal at L level to generate
a HOLD signal, which has a predetermined duration
Th of less than one-track seek time Ts of the head 21,
for application to the integrator 110A. The duration Th
of the HOLD signal is selected to be approximately
70% of Ts. A specific arrangement and operation of
the integrator 160 is described below in sections (C)
and (D) with reference to Figures 6 to 8.

The integrator 110A integrates the error signal A
P supplied from the adder 140 to produce an integrat-
ed signal IS for application to the adder 150. The dif-
ferentiator 120 differentiates the error signal AP to
produce a differentiated signal DS for application to
the adder 150. The proportional circuit 130 amplifies
the error signal to produce a proportional signal for
application to the adder 150. It is to be noted that, as
described above, the integrator 110A starts its inte-
gral action after predetermined time Th has elapsed
from when the position control is initiated. Due to this
integral action, the integrator 110A can be made im-
mune to a large transient oscillation which might be
involved in the position signal Ps, as shown in Figure
4A, and generate an oscillation-free, stable integrat-
ed signal as shown in Figure 4B. A specific arrange-
ment and operation of the integrator 110Ais described
below in sections (C) and (D) with reference to Fig-
ures 6 to 8.

The adder 150 adds output signals of the integra-
tor 110A, differentiator 120 and proportional circuit
130 to produce a position error signal APg for appli-
cation to the power amplifier 13. The power amplifier
13 amplifies position error signal APg up to a prede-
termined level to generate a control current Ic for ap-
plication to the VCM 23.

The VCM 23 drives the head 21 (including servo
head 21s) in the direction of the selected cylinder in
accordance with control current lc.

Subsequently, the position control is performed
by a servo loop of head 21 (servo head 21s), position
demodulation circuit 14, position control circuit 11,
power amplifier 13, VCM 23 and head 21 (inclusive of
servo head 21s).

In this case, even if the head 21 in an on-track
state is subjected to a large transient oscillation be-
cause of a variation in external force, the integrator
110A can perform its predetermined integral action
stably without being affected by the oscillation descri-
bed above. Hence, the combined influence of varia-
tions in the position signal Ps of the head 21 and in-
tegrated signal IS (hence position error signal APEg)
will be effectively suppressed so that both the signals
converge stably and rapidly as shown in Figures 4A
and 4B. Consequently, the settling of the head 21 can
be stabilized.
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(C) Arrangements and operation of integrator 110A
and integral control circuit 160

Arrangements and operation of the integrator
110A and the integral control circuit 160 will now be
described with reference to Figures 6A and 6B.

In the integrator 110A of Figure 6A, 111 designa-
tes an operational amplifier having aresistor 112 con-
nected to its inverted input and capacitor 113 con-
nected between its output and inverted input, the re-
sistor and the capacitor defining an integral time con-
stant. A compensating resistor 114 compensates for
the offset of the operational amplifier 111.

Aseries combination of aresistor 115 and an ana-
log switch is connected across the capacitor 113. The
switch 116 is turned on or off by the *LNMD signal.
The switch 116 is open when the *LNMD signal is at
a L level and closed when the *LNMD signal is at H
level. An analog switch 117 is connected to the input
end of the resistance 112.

In the integral control circuit 160, a monostable
multivibrator 161 (hereinafter abbreviated to MS) pro-
duces a HOLD signal defining an operation halt time
Th of the integrator 110A. The HOLD signal goes to
H level when the *LNMD signal falls and goes back to
L level after a specific time period has elapsed. A ca-
pacitor 162 and a resistor 163, connected to the MS
161, form a time constant circuit which defines the
time period TH.

An AND circuit 164 receives the *LNMD signal
and the HOLD signal from the MS 161 to produce a
switch signal CX at H level when they are both at L lev-
el. The switching signal CX is applied to the switch
117 of the integrator 110A. The switch 117 is closed
when the switching signal CX is at H level.

Next, the operation of the integrator and the inte-
gral control circuit of Figure 6A is described in con-
junction with the timing diagram of Figure 6B.

To initiate position control or one-track seek after
termination of the speed control, the *LNMD signal is
first switched from H level to L level at time t1.

The *LNMD signal at L level is applied to the pow-
er amplifier 13 and the MS 161 of the position control
circuit 11.

In response to the *LNMD signal going from H
level to L level, the power amplifier 13 selects and
amplifies the position error signal APg from the pos-
ition control circuit 11.

The MS 161 is responsive to application of the
*LNMD signal to produce a HOLD signal at H level
having a duration Th defined by the capacitor 162 and
the resistor 163. This HOLD signal is applied to an in-
put of the AND circuit 164. The AND circuit 164 is sup-
plied atits other input with the *LNMD signal at L level.
As a result, the switching signal CX that the AND cir-
cuit 164 produces is held at L level for the period Th
during which the HOLD signal at L level is supplied.
Thus, the switch 117 of the integrator 110A is open for
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time Th. That is, the switch 117 also remains open
during the time period t1 - t2, as it does before t1.

The switch 116 is closed when the *LNMD signal
is at H level. At this point the output of the operational
amplifier 111, i.e., the integrated signal IS, takes an
initial value of 0. This is because the switch 117 on the
input side of the operational amplifier 111 is turned off
when the HOLD signal is output. Thus, no input is ap-
plied to the operational amplifier bit as the capacitor
113 is discharged through the resistor 115 in the pre-
vious period in which the switch 116 is turned on, the
initial value of 0 is maintained at the output of ampli-
fier 111.

When the *LNMD signal goes to L level after the
initiation of the position control, initial value 0 is held.
Thus, the switch 117 remains open until t2. Therefore,
the error signal APg is inhibited from being applied to
the operational amplifier and the integrated signal IS
output from the operational amplifier is held at the ini-
tial value of 0. As a result, a variation in external force
(the position error signal APg) occurring during the
hold period Th is not integrated. The integrated signal
IS is thus prevented from varying (refer to Figures 4A
and B).

The hold signal goes to L level after hold period
Th has elapsed. Thus, both inputs of the AND circuit
164 go to L level and switching signal CX goes to H
level.

In response to the switching signal CX going to H
level, the switch 117 of the integrator 110A is closed.
Thus, the integrator 110A starts its integral action in
accordance with error signal AP applied thereto at
time t2. At this point, since the variation in external
force (position signal Ps) is small, the integral action
will be performed stably and integrated signal IS will
not vary during period {2 to t3. Therefore, the PID ac-
tion is performed normally and the position signal Ps
converges rapidly. Thus, the settling of the head 21
is stabilized and fast seek can be realized (refer to
Figures 4A and 4B).

Figure 7A is a perspective view and Figure 7B is
a plan view of a magnetic disk device forming the ser-
vo-controlled system of the present invention. Figure
7C is a view of the head and the VCM.

Heads 21 are provided on the top and bottom side
of a disk 22. When reading from the disk, the head de-
tects the direction of magnetization of a layer of mag-
netic material coated on the surface of disk 22 when
the disk rotates. When writing to the disk, the head
magnetizes the magnetic layer in a predetermined di-
rection. Writing and reading of the disk are made for
each track or for each sector into which a track is div-
ided. The track position can be set precisely by the
position control of the VCM 23.

The VCM 23 is provided on the opposite side of
the head 21 and a fulcrum P is interposed therebetw-
een. The head 21 moves in the directions of arrows
Q with an arm 25 on which the head is mounted as the
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VCM moves.

As shown in Figure 7C, the VCM is comprised of
a moving coil 28 and two pairs of magnets 26 and 27.
The coil 28 is mounted on the arm 25. The coil 28 is
moved in the direction of arrow F through the action
of a current flowing through it and magnetic flux be-
tween the paired magnets 26 and between the paired
magnets 27. The current Ic output from the power am-
plifier 13 flows through the coil 28.

The current Ic flows through a flexible printed cir-
cuit 29 (FPC). A preamplifier 29-1 and an amplifier
29-2 are connected via the FPC 29 to receive a write
signal and a read signal.

The FPC 29 is necessary to cause a current to
flow through the coil 28 and to transmit signals. How-
ever, the FPC 29 is a cause of the above-described
external force, i.e. disturbance. Although it is flexible
but relatively small in elasticity, its elasticity has
some influence on the high-speed movement of the
head as a counter force applied to the arm 25.

The disturbance is also generated by mechanical
imbalance. This disturbance may be generated by
weight imbalance, depending on the direction of in-
stallation of the device.

Furthermore, since the disks, heads and the
VCM are housed within closed case, disturbance can
also be generated by air flow produce by the move-
ment of the heads.

According to the present invention, even if such
disturbance occurs because of the elasticity of the
FPC 29, mechanical imbalance and air flow, the influ-
ence on fast access to a selected track can be less-
ened.

(D) Operation of the second embodiment

The second embodiment of the present invention
will be described with reference to Figure 8A and 8B.

In Figure 8A, like reference characters designate
like parts in Figure 6A. That is, integrator 110A is the
same in arrangement as that of the embodiment of
Figure 6A. In an integral control circuit 160A, the com-
bination of MS 161, capacitor 162 and resistor 163 is
the same as that of the embodiment of Figure 6A.
Thus, it is also responsive to an *LNMD signal from
controller 15 to produce a HOLD signal having a dur-
ation of Th.

An OR circuit 165 ORs the HOLD signal from the
MS 161 with the *LNMD signal from the controller 15
to produce a switching signal CX1 to control the open-
ing and closing of the switch 116 of the integrator
110A. The switch 116 is closed when the switching
signal is at H level and opened when it is at L level.

An inverter 166 inverts the *LNMD signal to pro-
duce a switching signal CX2 to control the opening
and closing of the switch 117 of the integrator 110A.
The switch 117 is closed when the switching signal
CX2 is at H level and opened when it is at L level.
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Next, the position control operation of Figure 8A
is described. When a position control or one-track
seek is initiated after the speed control is terminated,
the controller 15 switches the *LNMD signal from H
level to L level at a time t5 to command the power am-
plifier 13 to select the position of error signal APg from
the position control circuit 11.

In response to the *LNMD signal going from H
level to L level, the MS 161 produces a HOLD signal
at H level having a duration of Th defined by the ca-
pacitor 162 and the resistor 163. The HOLD signal is
applied to an input of the OR circuit 165, the other in-
put of which is supplied with the *LNMD signal atL lev-
el.

Thus, the switching signal CS2 from the OR cir-
cuit 165 goes to H level for Th (t5 - t6), during which
the HOLD signal at H level is applied. In response to
the switching signal CX2, the switch 116 of the inte-
grator 110Ais closed of Th to connect the resistor 115
in parallel with the capacitor 113. Therefore, the inte-
gral action is not performed for Th during which the
HOLD signal is produced.

On receiving the *LNMD signal at L level from the
controller 15, the inverter 165 inverts it to produce the
switching signal CX2 at H level for application to the
switch 117 of the integrator 110A.

In response to the switching signal at H level, the
switch 117 is closed so that the integrator 110A re-
ceives an input (error signal APg) to initiate an integral
action.

However, the integral action is not performed be-
cause the switch 116 is closed by the HOLD signal
during the first Th period from when the position con-
trol is initiated. At this point, the integrator 110A acts
as an amplifier having a gain of R115/R112. (R115
and R112 are values of the resistors 115 and 112, re-
spectively.) Since R112 >> R115, however, the ampli-
fier has little gain.

Consequently, the variations in external force
(position signal Ps) occurring during the HOLD period
Th cannot be integrated to thereby prevent the inte-
grated signal IS from varying.

After the HOLD period (5 - t6) has elapsed, the
HOLD signal (MS") goes to L level so that the switch-
ing signal CX1 output from the OR circuit goes to L
level.

On receiving the switching signal CX1, the switch
116 is opened, thus causing the integrator 110A to ini-
tiate the integral action. At this point, since the ampli-
tude of external force (position signal Ps) is small, the
integral action is performed stably and a variation is
not produced in the integrated signal IS. Therefore, in
this embodiment as well, the PID action is normally
performed so that the position signal Ps converges
rapidly during the period t6 to t7, the settling of the
head 21 is stabilized and the fast seek is realized.
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(E) Comparison between signal waveforms

The present invention will be described in more
detail in conjunction with actual signal waveforms
(Figures 9A to 9C) at the time of a one-track seek.

Figure 9A illustrates signal waveforms when
there is no variation in external force. The error of sig-
nal APg, which indicates a difference between a pos-
ition signal Po in a selected position and a position
signal Ps, converges after about two fluctuations in
the positive and negative directions.

Figure 9B illustrates signal waveforms in the prior
art system when there is a variation Fx in external
force. The output IS of the integrator 110A has a va-
riation Fy due to the variation Fx in external force.
Thus, a one-track seek time becomes longer than in
Figure 9A. In contrast, according to the position con-
trol of the present invention, the error signal APg is in-
terrupted for about 70% of one-track seek time TR, as
shown in Figure 9C. Thus, a variation in external force
is not integrated for that time period. Hence, the head
can gain access to a selected track in one-track seek
time TR, which is substantially the same as that when
there is no variation in external force. The above de-
scribes how the one-track seek time TS can be short-
ened even if there is a variation in external force. The
present invention can not only lessen the influence of
the variation Fx in external force but also shorten on-
track seek time TR even where there is no variation
in external force. For example, as can be seen by
comparing Figures 9A and 9C, the position signal can
converge more rapidly when the integration is tempor-
arily held. That is, according to the present invention,
by providing integration holding time for the integra-
tor, the one-track seek time can be made shorter than
before.

Although only two embodiments of the present
invention have been described and disclosed, it is ap-
parent that other embodiments and modifications are
possible. For example, the integrator 110Amay be ap-
plied to a case where an integral plus proportional ac-
tion is performed as well as a case where a PID action
is performed. The HOLD signal may be generated by
a counter in place of the MS 161.

As described above, the present invention can
provide the following advantages.

(1) Since the integral action of the integrator in the

position control circuit is stopped only for a pre-

determined period corresponding to a transient
oscillation period of the head after the position

control is initiated, the integrator can be made im-

mune to a large transient oscillation which might

occur in the head because of a variation in exter-
nal force and perform a predetermined integral
action stably and properly.

(2) Because of (1), the interaction between vari-

ations in the head position signal and the integrat-

ed signal form the integrator, hence the position
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error signal, can be effectively suppressed, thus
stabilizing the settling of the head at the time of
a fast seek and realizing a stable and fast seek.

Claims

Aservo circuit, for controlling the speed of a head
to move said head to the vicinity of a selected
track, having a position control circuit for per-
forming position control to position said head on
said selected track after speed control is termin-
ated comprising:

a proportional circuit means for producing
a signal proportional to an error signal;

an integrating circuit means for integrating
said error signal to produce an integrated signal;

an adder means for adding an output sig-
nal of said proportional circuit and an output sig-
nal of said integrating circuit to produce a drive
signal for a voice coil motor, and

characterised by

an integral control circuit means for stop-
ping the integral action of said integrating cir-
cuit,for a predetermined period of time, after the
position control is initiated.

A position control circuit according to claim 1 for
use in a servo circuit for generating a position er-
ror in signal corresponding to a position error be-
tween a head and a selected track of a disk dur-
ing position control and positioning said head on
said selected track, comprising:

an integrator means for integrating said
position error signal to generate an integrated
signal which is one component of said position er-
ror signal generated by said position control cir-
cuit; and

an integral control circuit means for stop-
ping the integral action of said integrator for a pre-
determined period after position control is initiat-
ed, which period is shorter than a one-track seek
time.

A position control circuit according to claim 1, fur-
ther comprising a differentiating circuit for differ-
entiating said error signal, and in which said ad-
der means adds output signals of said proportion-
al circuit means, said integrating circuit means
and said differentiating circuit means.

The position control circuit according to any one
of claims 1 and 3, further comprising a controller
means for driving a speed control circuit for per-
forming said speed control at a time of initiating
a movement of said head to move said head to
the vicinity of said selected track and then pro-
ducing a position control signal to drive said pos-
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ition control circuit.

The position control circuit according to claim 1,
wherein said integrating circuit means comprises
an inverting amplifier, a first resistor having an
end connected to an input terminal of said inte-
grating circuit via a first switch and the other end
connected to an input terminal of said inverting
amplifier, a capacitor having an end connected to
said input terminal of said inverting amplifier and
the other end connected to an output terminal of
said inverting amplifier, and a series combination
of a second switch and a second resistor connect-
ed in parallel with said capacitor.

The position control circuit according to claim 4,
wherein said integral control circuit means com-
prises a one-shot multivibrator responsive to ap-
plication of said position control signal thereto for
producing a pulse with a predetermined duration,
and a circuit for turning said first switch on and
turning said second switch off when said position
control signal is applied after said one-shot mul-
tivibrator has terminated said pulse.

The position control circuit according to claim4 or
claim 6 wherein said controller outputs said pos-
ition control signal without operating said speed
control circuit at a time of one-track seek.

The position control circuit according to any pre-
ceding claim, wherein said error signal indicates
a difference between the current position of said
head and the position of a selected track for one-
track seek.

The position control circuit according to any one
of claims 1 to 8 further comprising a position de-
modulation circuit for demodulating the current
position of said head from a signal read from a
disk by a servo head provided for position con-
trol, and wherein said voice coil motor simultane-
ously moves at least one data head for reading
and writing data and said servo head.

Patentanspriiche

1.

Servoschaltung zum Steuern der Geschwindig-
keit eines Kopfs, um den genannten Kopf nahe zu
einer ausgewdahlten Spur zu bewegen, mit einer
Positionssteuerschaltung zum Durchfiihren einer
Positionssteuerung, um den genannten Kopf auf
der genannten ausgewdhlten Spur zu positionie-
ren, nachdem die Geschwindigkeitssteuerung
beendet ist, welche umfalit:

eine Proportional-Schaltungseinrichtung
zum Erzeugen eines Signals proportional zu ei-
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nem Fehlersignal;

eine Integrationsschaltung zum Integrie-
ren des genannten Fehlersignals, um ein inte-
griertes Signal zu erzeugen;

eine Addierereinrichtung zum Addieren ei-
nes Ausgangssignals der genannten Proportio-
nal-Schaltung und eines Ausgangssignals der
genannten Integrationsschaltung, um ein Trei-
bersignal fiir einen Schwingspulenmotor zu er-
zeugen; und

gekennzeichnet durch eine Integral-Steu-
erschaltungseinrichtung zum Anhalten des Inte-
gral-Verhaltens der genannten Integrations-
schaltung fiir einen vorherbestimmten Zeitraum,
nachdem die Positionssteuerung initiiert wird.

Positionssteuerschaltung nach Anspruch 1 zur
Verwendung in einer Servoschaltung zum Er-
zeugen eines Positionsfehlers im Signal, der ei-
nem Positionsfehler zwischen einem Kopf und ei-
ner ausgewahlten Spur einer Platte wéhrend der
Positionssteuerung entspricht, und Positionieren
des genannten Kopfs auf der genannten ausge-
wéhlten Spur, welche umfalt:

eine Integratoreinrichtung zum Integrieren
des genannten Positionsfehlersignals, um ein in-
tegriertes Signal zu erzeugen, das eine Kompo-
nente des genannten, durch die genannte Positi-
onssteuerschaltung erzeugten Positionsfehlersi-
gnals ist; und

eine  Integral-Steuerschaltungseinrich-
tung zum Anhalten des Integral-Verhaltens des
genannten Integrators fiir einen vorherbestimm-
ten Zeitraum, nachdem die Positionssteuerung
initiiert wird, welcher Zeitraum kiirzer ist als eine
1-Spur-Suchzeit.

Positionssteuerschaltung nach Anspruch 1, wel-
che ferner eine Differenzierungsschaltung zum
Differenzieren des genannten Fehlersignals um-
falt, und bei welcher die genannte Addiererein-
richtung Ausgangssignale der genannten Pro-
portional-Schaltungseinrichtung, der genannten
Integrationsschaltungseinrichtung und der ge-
nannten Differenzierungsschaltungseinrichtung
addiert.

Positionssteuerschaltung nach einem der An-
spriiche 1 bis 3, welche ferner eine Kontrollerein-
richtung umfalyt, zum Treiben einer Geschwindig-
keitssteuerschaltung fiir die Durchfiihrung der
genannten Geschwindigkeitssteuerung zu einer
Zeit der Initiation einer Bewegung des genannten
Kopfs, um den genannten Kopf nahe zur ausge-
wéhlten Spur zu bewegen, und anschlieBenden
Erzeugen eines Positionsfehlersignals, um die
genannte Positionssteuerschaltung zu treiben.
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5. Positionssteuerschaltung nach Anspruch 1, bei

welcher die genannte Integrationsschaltung um-
falt: einen Invertierverstarker, einen ersten Wi-
derstand, von dem ein Ende mit einem Eingangs-
anschluf der genannten Integrationsschaltung
tiber einen ersten Schalter verbunden ist, und
das andere Ende mit einem Eingangsanschluf
des genannten Invertierverstarkers verbunden
ist, einen Kondensator, von dem ein Ende mit
dem genannten Eingangsanschlu® des genann-
ten Invertierverstarkers verbunden ist, und das
andere Ende mit einem Ausgangsanschluf} des
genannten Invertierverstarkers verbunden ist,
und eine Serienkombination eines zweiten Schal-
ters und eines zweiten Widerstands, die mit dem
genannten Kondensator parallelgeschaltet sind.

Positionssteuerschaltung nach Anspruch 4, bei
welcher die genannte Integral-Steuerschaltungs-
einrichtung umfalt: einen monostabilen Multivi-
brator, der auf das Anlegen des genannten Posi-
tionssteuersignals daran anspricht, zum Erzeu-
gen eines Impulses mit einer vorherbestimmten
Dauer, und eine Schaltung zum Einschalten des
genannten ersten Schalters und Ausschalten des
genannten zweiten Schalters, wenn das genann-
te Positionssteuersignal angelegt wird, nachdem
der genannte monostabile Multivibrator den ge-
nannten Impuls beendet hat.

Positionssteuerschaltung nach Anspruch 4 oder
Anspruch 6, bei welcher der genannte Kontroller
das genannte Positionssteuersignal ausgibt, oh-
ne die genannte Geschwindigkeitssteuerschal-
tung zu einer 1-Spur-Suchzeit zu betreiben.

Positionssteuerschaltung nach einem der vor-
hergehenden Anspriiche, bei welcher das ge-
nannte Fehlersignal eine Differenz zwischen der
aktuellen Position des genannten Kopfs und der
Position einer ausgewdahlten Spur fir ein 1-Spur-
Suchen angibt.

Positionssteuerschaltung nach einem der An-
spriiche 1 bis 8, welche ferner eine Positionsde-
modulationsschaltung umfallt, zum Demodulie-
ren der aktuellen Position des genannten Kopfs
aus einem Signal, das von einer Platte durch ei-
nen zur Positionssteuerung vorgesehenen Ser-
vokopf gelesen wird, und bei welcher der genann-
ten Schwingspulenmotor gleichzeitig zumindest
einen Datenkopf zum Lesen und Schreiben von
Daten und den genannten Servokopf bewegt.

Revendications

Circuit d'asservissement pour la commande de la
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vitesse d’'une téte afin de déplacer ladite téte au
voisinage d’'une piste choisie, circuit possédant
un circuit de commande de position pour effec-
tuer une commande en position afin de position-
ner ladite téte sur ladite piste choisie aprés la fin
de la commande de vitesse, circuit comprenant :

- un moyen de circuit proportionnel pour pro-
duire un signal proportionnel a un signal
d’erreur;

- un moyen de circuit d’'intégration pour inté-
grer ledit signal d’erreur afin de produire un
signal intégré;

- un moyen d’additionneur pour ajouter un si-
gnal de sortie dudit circuit proportionnel et
un signal de sortie dudit circuit d’intégration
afin de produire un signal d’activation d’'un
moteur a bobinage d’appel;

circuit caractérisé par un moyen de circuit
de commande intégrale pour arréter 'action inté-
grale dudit circuit d’intégration, pendant une pé-
riode de temps prédéterminée, aprés le début de
la commande de position.

Circuit de commande de position selon la reven-
dication 1, pour un circuit d’asservissement gé-
nérant une erreur de position en un signal corres-
pondant a une erreur de position entre une téte
et une piste choisie d’'un disque pendant la
commande en position et positionnant ladite téte
sur ladite piste,
circuit comprenant :

- un moyen d’intégrateur pour intégrer ledit
signal d’erreur en position pour générer un
signal intégré qui est une composante dudit
signal d’erreur en position généré par ledit
circuit de commande de position; et

- un moyen de circuit de commande intégrale
pour arréter 'action intégrale dudit intégra-
teur pendant une période prédéterminée,
apres le début de la commande de position,
période plus courte qu'un temps d’accés
d'une piste.

Circuit de commande de position selon la reven-
dication 1, comprenant, de plus, un circuit de dif-
férenciation pour différencier ledit signal d’erreur
et dans lequel ledit moyen d’additionneur ajoute
les signaux de sortie dudit moyen de circuit pro-
portionnel, dudit moyen de circuit d’intégration et
dudit moyen de circuit de différenciation.

Circuit de commande de position selon I'une
quelconque des revendications 1 et 3, compre-
nant, de plus, un moyen de commande pour ac-
tiver un circuit de commande de vitesse afin d’ef-
fectuer ladite commande de vitesse au début
d'un déplacement de ladite téte afin de déplacer
ladite téte au voisinage de ladite piste choisie,
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puis pour produire un signal de commande en po-
sition activant ledit circuit de commande de posi-
tion.

Circuit de commande de position selon la reven-
dication 1, dans lequel ledit moyen de circuit d’in-
tégration comprend un amplificateur d’inversion,
une premiére résistance dont une borne est rac-
cordée a une borne d’entrée dudit circuit d’inté-
gration via une premier commutateur, et dont!’au-
tre extrémité est raccordé a une borne d’entrée
dudit amplificateur d’inversion, un condensateur
dont une borne estraccordée aladite borne d’en-
trée dudit amplificateur d’inversion et dont 'autre
borne est raccordée & une borne de sortie dudit
amplificateur d’inversion, et un montage en série
d’'un second commutateur et d'une seconde ré-
sistance montée en paralléle avec ledit conden-
sateur.

Circuit de commande de position selon la reven-
dication 4, dans lequel ledit moyen de circuit de
commande intégrale comprend un multivibrateur
monostable sensible a I'application dudit signal
de commande en position afin de produire une
impulsion d’une durée prédéterminée et un circuit
pour activer ledit premier commutateur et pour
désactiver ledit second commutateur lorsque le-
dit signal de commande de position est appliqué
aprés que ledit multivibrateur monostable ait ter-
miné ladite impulsion.

Circuit de commande de position selon la reven-
dication 4 ou 6, ou ledit moyen de commande dé-
livre ledit signal de commande en position sans
qu’il y ait activation dudit circuit de commande de
vitesse au moment de la recherche d’une piste.

Circuit de commande de position selon I'une
quelconque des revendications précédentes, ou
ledit signal d’erreur indique la différence entre la
position courante de ladite téte et la position
d’une piste sélectionnée relativement a la recher-
che d’'une piste.

Circuit de commande de position selon I'une
quelconque des revendications 1 & 8, compre-
nant en outre un circuit de démodulation de po-
sition servant a démoduler la position courante
de ladite téte a partir d’'un signal lu sur un disque
par une téte asservie prévue pour la commande
de position, et ou ledit moteur & bobine mobile dé-
place simultanément au moins une téte de don-
nées servant a lire et écrire des données et ladite
téte d’asservissement.
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